Background: The updated French guidelines for the management of antimicrobial therapy and site-of-care for adults' community-acquired pneumonia (CAP) were published in July, 2010, stratifying patients in 6 groups depending on age, significant underlying disorders and organ failure.
Introduction
Community-Acquired Pneumonia (CAP) is a potentially serious infectious disease that frequently occurs in Emergency Department (ED) patients. Based on initial assessment, physicians have to decide on antimicrobial therapy and in-hospital site-ofcare. Providing adequate management to CAP patients impacts both outcome and related costs [1] . Guidelines are developed and widely broadcasted to help practitioners. Delay of antimicrobial agents is regarded as an indicator for quality of carein CAP patients as it has been associated with outcome [2] . Therefore, optimizing initial antimicrobial therapy is a major goal for the CAP guidelines. French Drugs Administration (Agencefrançaise de sécurité sanitaire des produits de santé, Afssaps) and National Society for Infectious Disease (Société de pathologieinfectieuse de langue française, Spilf) released reference guidelines on 21st of July, 2010 [3] . These recommendations were supposed to update and improve administration of antibiotics in CAP patients. Unfortunately, making a diagnosis of CAP in emergency patients remains challenging as clinical signs are aspecific and X-ray results are often unsatisfactory [4] . This may lead to uncertain diagnosis and inadequate antimicrobial treatment [5, 6 ].
Here we investigated whether the recent CAP guidelines for antimicrobial therapy in CAP were followed by emergency physicians at bedside and whether factors were associated to non-adherence to antibiotic guidelines.
Methods
The French National Authority for Health (Haute Autorité de Santé, HAS) released methodological guidelines for conducting an audit in the setting of healthcare. This methodology was used for the present study. We developed an electronic case report form on CAP management in the ED. An invitation to participate was electronically mailed to medical heads of 200 EDs, on behalf the French College of Emergency Medicine (CollègeFrançais de Médecined'Urgence, CFMU) and the French Society of Emergency Medicine (SociétéFrançaise de Médecined'Urgence, SFMU). Centers that aimed to participate in the survey had to register before 15th of October, 2010. Users that registered were asked to capture data on patients visiting EDs with suspected CAP during the study period, 15th of October to 15th of December 2010. Patients aged > 15 years could be included if they visited the ED with a suspicion of CAP based on the attending physicians' evaluation whatever the results of clinical examination, laboratory data and chest X-rays. For this observational study, we did not exclude patients.
Study protocol and procedures complied with the principles of the Declaration of Helsinki. The institutional review board for the protection of human subjects approved the study protocol and patient informed consent procedures.
We recorded characteristics of EDs: setting (general hospital, tertiary teaching hospital, private hospital); annual number of visits; number of beds available in the emergency observation unit; organization and management of antimicrobial agents in the ED (computerized prescription; ED procedures for prescription referring to guidelines; computerized microbiological results; regular feed-back about consumption; ED expert for the use of antimicrobial agents; ED audit for antimicrobial use for the preceding 2 years; information about adequate use of antimicrobial therapy delivered at the hospital level).
Data collected from patients included: demographics (age, gender); origin (home, nursing home, rehabilitation centre, other); previous medical history and underlying disorders (COPD, cystic fibrosis, cerebrovascular disease, congestive heart failure, immune suppression, active neoplasm, chronic renal failure, liver disease, sickle cell disease, admission for the preceding year, previous community-acquired pneumonia); social / organizational barriers (unfavorable social conditions, isolation, perceived risk for unsatisfactory treatment compliance); use of antimicrobial agents within 7 days prior to ED visit, and main clinical characteristics (pulse oximetry <90% in room air, respiratory rate, heart rate, systolic and diastolic arterial blood pressure, impaired consciousness or abnormal mental status). CRB65 was calculated for each patient:for this scoring system, one point is awarded for each of the following features: Confusion -recent; Respiratory rate 30 breaths/min or greater; Blood pressure-systolic of 90 mmHg or less or a diastolic of 60 mmHg or less; 65 years of age or older. Results of chest X-ray were recorded (local infiltrate, pleural effusion, collection). Antimicrobial therapy was registered as well as qualification of the prescriber (senior or junior physician). Delay of initial antimicrobial dose administration was calculated using date-stamps. Finally, we collected ED length of stay, death (if it occurred in the ED) and site-of-care after ED visit.
We compared adherence to guidelines according to predefined patients' categories, i.e. group 1: CAP patients < 65 years without signs and symptoms of severity, group 2: CAP patients < 65 years with significant underlying disorders and >65 years without signs and symptoms of severity, group 3: CAP patients < 65 years during seasonal flu without signs and symptoms of severity, group 4: CAP patients < 65 years with significant underlying disorder and > 65 years during seasonal flu without signs and symptoms of severity, group 5: CAP patients without COPD and cystic fibrosis, and group 6: CAP patients with COPD and cystic fibrosis and symptoms of severity. Table 1 summarizes guidelines for each of the above mentioned categories. Of note, guidelines determined signs and symptoms of severity as follow: respiratory rate >30 / min, heart rate > 120 / min, systolic arterial blood pressure < 90mmHg, impaired consciousness or abnormal mental status, association with active neoplasm.
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Statistical analysis
Data entry using the web-based audit tool closed in January, 2011. The Chi-square or Fisher exact test (discrete variables) and the Student t-test (continuous variables) were used to compare the non-adherence to antibiotic guidelines. Univariate logistic regression analyses of factors previously reported to be associated was performed. Variables with p <0.25 were entered into the multivariate stepwise backward model to identify predictors of non-adherence to antibiotic guidelines. Results from the logistic regression analyses are reported as odds ratios (OR) [95% confidence intervals (CI)] from the unadjusted and final models with p from the likelihood ratio test. All reported p values are two sided; p values <0.05 were considered to be statistically significant for univariate analysis. All statistical analyses were done using SAS 9.4.
Results

Study population
Of the 82 EDs that initially registered, 72 answered the questionnaire and included patients (Table 2 ). Most EDs set in a primary care general hospitals in French metropolitan area, 3 centers were ultramarine and one set in the Principalty of Monaco. Of the 3.166 CAP, 1690 (53%) were included in tertiary teaching hospitals. Characteristics of the study population are described in Table  3 . Briefly, 55% were male, median age was 75 years, ranging from 15 to 106. A majority presented with significant underlying conditions, mostly CHF and COPD. More than 10% had cerebrovascular disorders or active neoplasm. Among these, 22 (6%) suffered from chronic heart failure. Clinical signs of severity at presentation were frequent, as 526 (17%) patients had systolic blood pressure below 90mmHg and diastolic blood pressure below 60mmHg, 503 (16%) impaired neurological status, 714 (23%) respiratory rate above 30/ min, and SpO 2 was below 90% in 1,954 (62%). We observed that 2.440 (77%) had CRB65 >1, 2.630 (84%) patients were hospitalized, 335 (11%) were admitted in ICU, and 36 (1%) died during their ED stay. PourcelL, et al. (2016) 
Description of antimicrobial therapy in the ED
Of the 3.166 patients, 2.812 (89%) received antimicrobial agents during their ED stay ( Figure 1 , Table 4 ). Median delay to first antibiotic administration in the ED was 3hrs 45min (3hrs 12min), and treatment consisted in a single agent in 1.946 (71%), two agents in 794 (29%) and three agents in 18 (6%). Antibiotics prescribed were mostly -lactams (n=2.546, 90%). A majority of patients (1297, 46%) received amoxicillin-clavulanate. Seven hundred and twenty seven patients (23%) had received antibiotics prior to ED visit. We observed that 354 (11%) did not receive antimicrobial agents during their ED stay. These patients were distributed as follow: 54 in group 1, 140 in group 2, 9 in group 3, 3 in group 4, 108 in group 5 and 40 in group 6. Of these 354 patients, 127 (36%) had received antibiotics before ED visit.
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Amoxicillin-clavulanic acid 481
Levofloxacin 52
Cefotaxim 19
Ceftriaxon Table 4 : Adherence to antibiotic guidelines for community-acquired pneumonia in patients receiving antibiotics in the ED with respect to patients' groups.
Figure 1:
Chart flow of the study population of CAP patients with respect to delivery of antimicrobial agents during their visit in the emergency department. ED: emergency department; group 1: CAP patients <65 years without signs and symptoms of severity; group 2: CAP patients <65 years with significant underlying disorders and >65 years without signs and symptoms of severity; group 3: CAP patients < 65 years during seasonal flu without signs and symptoms of severity; group 4: CAP patients < 65 years with significant underlying disorder and >65 years during seasonal flu without signs and symptoms of severity; group 5: CAP patients without COPD and cystic fibrosis; group 6: CAP patients with COPD and cystic fibrosis and symptoms of severity.
Adherence to antibiotic guidelines
Adherence to antibiotic guidelines (summarized in Table 1 ) was observed in 895 patients with suspected CAP (28%). Adherence widely differed between patients' categories, ranging from 0 (group 6) to 66.9% (group 2) ( Table 4) . In a multivariate model, we determined factors that influenced adherence to guidelines (Table 5) . Coexistence of COPD, congestive heart failure, and patients aged 65 and older were associated with non-adherence to antibiotic guidelines. Patients were more likely to receive antimicrobial therapy according to antibiotic guidelines. Respiratory 
Discussion
Here we report the largest audit for CAP management in the emergency department conducted in France. We observed that Antimicrobial therapy often differed from guidelines in • patients visiting the ED with CAP, Adherence to antibiotic guidelines widely differed between • patients' categories, and Adherence to antibiotic guidelines was negatively associated • with significant underlying disorders and SpO 2 , and positively associated with age, other signs and symptoms of severity and admission.
A recent audit described current management of CAP in UK hospitals [7] . Authors observed that most of the 64 units had local CAP guidelines derived from national recommendation. The results from the present study may differ as we focused on initial management in the ED. Indeed most authors emphasize the importance of the very first hours of CAP management that significantly influence outcome. The British Thoracic Society (BTS) audit focused on global management whereas we decided to specifically identify initial decision processes. Consequently, we assessed initial management and immediate death in the ED. Thus, we observed that 1% CAP patients died in the ED, whereas 3.7% patients died at day 1 in the British study. Median age of the CAP patients recorded in recent trial is usually 70 years. It was 76 in the BTS audit [7] . In our study, half patients were 75 or older. In addition, significant underlying disorders were frequently encountered in our population. Approximately a quarter suffered from congestive heart failure, more than 20% had COPD and active neoplasm was recorded in 12%. These characteristics are close from those of recent assays conducted in the ED [8] . Therefore, our population corresponds to current descriptions in terms of age and comorbidities.
Adherence to guidelines is usually perceived as a better quality of treatment, improving survival, hospital length of stay and readmission rate [9] . Ithas been reported that patient prognosis improves when antibiotics are concordant to guidelines [10] . Here we report that few ED patients received antimicrobial therapy according to current guidelines. Studies have reported that adherence to CAP antibiotics guidelines can be satisfactory without any intervention [11] . Attempts to improve adhesion to guidelines have mostly been efficient. The British audit reported satisfactory adherence, i.e. 50-70%, based upon local recommendation derived from BTS guidelines [7] . This probably corresponds to the optimal level of adherence expected. Indeed, guidelines have to be overruled in specific case including recent travels, epidemic contexts, and previous antimicrobial therapy. In our study, 23% received antibiotics prior to ED visit. Conversely to previous publications, our data included outpatients, i.e. patients discharged after their ED visit. Patients with CRB65 score at 0 are usually treated as outpatients. These represented 22.9% of our study population. Including this population could merely explain the discrepancy of our results. In our study, CBR65 classification did not influence adherence to antibiotic guidelines. We even observed in a univariate analysis that lower CRB65 score were associated with better compliance to antibiotic guidelines. Evaluation of CAP patients is complex. It can be assumed that emergency physicians sometimes simplify CAP patient's evaluation to decide anti-biotherapy. As a matter of fact, French recommendations propose to distribute CAP patients in different 6 classes. This may be difficult to apply at bedside in the ED. We observed that ED physicians mostly prescribed amoxicillin-clavulanate to CAP patients. Therefore, patients from group 1 received antibiotics with broader spectrum than suggested by guidelines and group 5 received antibiotics with too narrow spectrum. Similarly, intravenous antibiotics and dual therapy were overused in patients with low severity CAP. This suggests that most ED physicians use a simplified strategy to prescribe antibiotics. Consistently previous studies suggest to simplify antimicrobial treatment even in more severe CAP patients [12] another hypothesis is that implementation of antibiotics guidelines should be actively accompanied. A controlled trial demonstrated that local recommendations should be sustained by specific tutorial measures and practices feedback [13] . When unsatisfactory appliance of antibiotic guidelines is observed, it should be considered if these guidelines have been correctly diffused to caregivers, if they have been implemented in local recommendations, if they fit patient's and physicians' needs, if they add any benefit as compared to previous practices. In case there is no evidence for these, the whole process should be carefully re-assessed.
Both the adherence to CAP guidelines and the time to first antibiotic have been associated with clinical outcome [2] . In the British audit, 58% of patients received their first antibiotic within 4 h of hospital admission [7] . We observed that half patients received the first dose within 3h45. Whereas this result may be perceived as unsatisfactory, it has been suggested that a strategy based on delays may alter appropriate antimicrobial treatments [14] .
Patients with CAP frequently suffer from underlying disorders and ageing, factors that increase diagnosis' uncertainty and quality of antimicrobial therapy [4, 15] . Many patients of our pop- 
Limitations
This study suffers from limitations. Patients were included if the emergency physician suspected a CAP based on his/her usual practice and own judgment. We used a numeric scale (1-10) to evaluate ED physicians' certainty for diagnosis of CAP (data not shown). We observed that diagnosis of CAP was uncertain in a majority of patients with suspected CAP. Several studies suggest that diagnosis of CAP remains despite clinical examination, biomarkers results and X-rays [16, 17] . This raised the concern about definition of CAP in the ED, especially in older patients with less specific signs and symptoms [18] . Another questionable approach might be the exclusion of patients that did not receive antimicrobial therapy for the analysis of adherence to antibiotic guidelines. We did not capture reasons why antimicrobial treatment was delayed or suspended in 354 (11%) patients visiting the ED with suspected CAP. This could be related to prior antimicrobial therapy (727 patients, 23%), uncertain diagnosis, advice of a specialist in infectious disease. Therefore, we decided to exclude these patients from the analysis. Of note, patients since 15 years of age were included in our study whereas they may be considered as non-adults. However, pathogens responsible for CAP don't differ between these patients and young adults, and a category with patients of patients aged 15 to 19 years appears in epidemiological studies [19] . We included only 25 (0.8%) patients aged 15 to 18. In addition, our aim was to describe management of CAP in French emergency departments. Therefore we were unable to determine if treatments and site-of-care decided by ED physicians altered patients' outcome. Indeed 13% patients were discharge whereas 21% were scored 0 according to CRB65, as recommended by the French CAP guidelines. This apparent over-admission rate may be balanced by the benefit of clinical sense that detects patients with latent organ failure and unfavorable outcome [20] . Indeed, patients from the PORT cohort with a low Pneumonia Severity Index were more likely to die if they were admitted. This basically suggested that physicians were able to detect CAP patients with risk of adverse outcome despite low severity score. Finally, we were unaware to subsequent admissions for CAP patients at each center.
Conclusion
Here we report that adherence to antibiotic guidelines is low in CAP patients that visit French ED. Whereas efforts are warranted to improve, complexity of antibiotic guidelines may contribute to this unsatisfactory adherence.
